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Comparison of a computer-based audiometer with a conventional audiometer for diagnostic 
accuracy 
 
Pang Sheung Ho 
 
Abstract 
The accuracy of a low cost, computer-based audiometer was assessed by comparing adult 
hearing thresholds from 57 subjects, obtained at 6 frequencies (250 Hz, 500 Hz, 1 kHz, 2 kHz, 
4 kHz and 8 kHz), with those measured with a conventional audiometer, in sound-treated 
rooms. A repeated-measure ANOVA was performed to investigate whether there was any 
significant difference between hearing thresholds identified using the two audiometers. 
Correlations of hearing thresholds measured by the two audiometers were calculated using 
Pearson’s coefficient correlation and an evaluation of threshold difference values against 
average values. Significantly different hearing thresholds obtained between the two 
audiometers suggested that further improvement is needed before a computer-based 
audiometer can be used in routine clinical practice. 
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Comparison of a computer-based audiometer with a conventional audiometer for diagnostic 
accuracy 
Audiologists and related professionals have used pure-tone audiometers in determining 
hearing thresholds for nearly hundred years (Martin & Clark, 2000, p. 73). With the 
thresholds obtained by an audiometer, it can then be decided whether hearing impairment is 
present or not, by comparing patient data with the established norms at various frequencies. 
Technologies have rapidly advanced in our own era, and most conventional audiometers can 
now determine one’s hearing level to within ±5 dB HL of true threshold (Martin & Clark, 
2000, p. 84). Nonetheless, the cost of a conventional audiometer is considered to be high for 
the general public and it is often not easily affordable in audiology clinics in developing 
countries.  
 
According to the World Health Organization (2005), there were more than 278 million people 
having moderate to profound hearing loss and the number was increasing. Over 80% of the 
deaf and hearing impaired population worldwide is living in low- and middle-income 
countries (World Health Organization, 2005). However, hearing aids and associated 
diagnostic instruments are considered to be very expensive in developing countries (Sanjay, 
2001). Additionally, because of a lack of hearing health care professionals and technical 
knowledge, many of the diagnostic instruments in use in low-income countries are not 
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calibrated (Gell, White, Newell, Mackenzie, Smith, Thompson & Hatcher, 1992). Therefore, 
despite the strong need, audiological services are very limited in developing countries, and 
up-to-standard diagnostic equipment is rarely available (Madriz, 2001).  
 
Since most of the audiological services and instruments available in developing countries are 
located in clinical settings in urban areas (Gell et al., 1992), people in remote and rural areas 
can rarely benefit from the service. Even people who live in urban areas in developing 
countries may not receive the best audiological services as most of the clinic staff are not well 
trained in handling hearing related equipment and in places, the hot and humid weather may 
affect the performance of these electronic instruments (Gell et al., 1992). The risk of using a 
low-cost audiometer integrated into a laptop or desktop computer should be lower since most 
modern computers are robust and work effectively in tropical regions. A low-cost, portable 
and valid instrument that can measure hearing thresholds, and allow diagnosis to be made 
based on the results obtained, may be of value for people who live in developing countries as 
there is a strong need for both children and adults to have their hearing problems, if any, 
identified.  
 
Identifying hearing impairment in children’s early stage of life is indispensable to their 
academic and social development. Speech and language development is rapid in the first few 
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years of life, and reading and writing skills are highly associated with one’s language ability 
(Paul, 2001). Northern and Downs (1991) note that if hearing loss is not detected and treated, 
delayed speech and language development can result. Furthermore, if children with delayed 
speech and language abilities enroll into school, poor academic performance may result 
(Northern & Downs, 2002, p.2). Social and emotional problems are likely to develop in such 
children. Detection of hearing impairment and appropriate interventions for young people and 
adults are as important as those given to children. Hearing problems can seriously affect 
one’s social life, employment seeking and job keeping abilities (Smith, 2000). Ideally, it is 
necessary for every suspected individual to receive hearing screening as early as possible in 
their lives, especially for those living in developing countries where most of the global 
hearing impaired population resides. Therefore, the prevalence of hearing impairment can be 
predetermined and the proper treatment and resources allocated appropriately to needed 
individuals. Not only the type and the severity of hearing impairment may be identified from 
detection of hearing loss, organizations in developing countries may be able to provide 
suitable rehabilitation aids or programs to individuals with identified hearing loss.  
 
In some six districts in Kenya, a questionnaire for detection of hearing loss was given to 
caregivers and teachers of children who were attending nursery schools and child health 
clinics in those districts (Newton, Macharia, Mugwe, Ototo, & Kan, 2001). Although many 
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hearing impaired children were identified, using a questionnaire to identify hearing problems 
in children was not an ideal method as the questionnaire had a low positive predictive value 
and social altitudes caused some of the parents not to report the true abilities of their children 
(Newton et al., 2001). A simple, low-cost screening audiometer, the Liverpool Field 
Audiometer, has been used in hearing screening of individuals who were suspected to be 
hearing impaired in developing countries. In spite of the low variability found at most tested 
frequencies, variability was still found to be high in lower frequencies like 500 Hz 
(McPherson & Knox, 1992).  
 
This present project will investigate the accuracy of hearing thresholds measured by a low 
cost, computer-based audiometer program which is readily available for purchase on the 
internet. Comparison will be made between the results obtained using this program and those 
from a conventional pure-tone audiometer. Hearing thresholds obtained by the conventional 
audiometer were used as the gold standard for the comparison. To the writer’s knowledge, 
similar research has not been done before. This study therefore seeks to investigate the 
concurrent validity of a low cost computer-based audiometer program, the Home Audiometer 
version 1.83, in determining hearing thresholds at commonly used, clinical test frequencies.  
 
Materials and Method 
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Participants   
Fifty seven Cantonese adult subjects, both male and female, were included in this study. 
Subjects were between 21 to 70 years of age (mean = 32.6 years). All of them were randomly 
recruited from the general public and they were able to understand verbally presented 
Cantonese instructions.  
Testers 
In order to minimize the effect of bias due to measuring the same subjects by one tester, two 
testers were used—each blind to the other’s work. The two testers were fourth year students 
in the Division of Speech and Hearing Sciences at the University of Hong Kong. Both of the 
students, who had received training on how to determine actual hearing thresholds for clients, 
had about fifteen clinical hours experience in carrying out pure-tone tests of hearing with 
conventional audiometers for screening and diagnostic purposes.  
Instrumentation 
In order to reduce the effect caused by background noise, all the tests were conducted in two 
double-walled, sound-treated booths that meet ISO standards. In order to reduce set-up time 
and prevent disturbance from third persons, only one audiometer system was placed in each 
of the testing booths.  
Two different audiometer systems were used in this study. The conventional diagnostic 
audiometer (Madsen Itera II) used in this study met the performance requirements of BS EN 
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60645-1 and it was calibrated to ISO 389 series standards. The cost of the whole equipment 
system was approximately thirty thousand Hong Kong dollars.  
The low-cost computer-based audiometer system used was the Home Audiometer program 
1.83, available at $US 30 (~HK$ 240). The test procedure of this program was based on ISO 
standards and the program is designed to automatically test the hearing thresholds of both 
ears of the subject sequentially, at each selected frequency. Other equipment required to 
complete this system was an IBM laptop computer [T22], Ovann OV88OV circumaural 
headphones, Aten USB 2.0 Hub [4 ports] and Blazepro USB joystick for patient response 
indication. The total cost of the computer-based audiometer system excluding the price of the 
laptop was about HK$ 440. Similar low cost computer and audio equipment is readily 
available in most localities across the developing world.  
Procedures 
All the tests were carried out in two soundtreated booths which had similar low ambient noise 
levels, in the Standard Chartered Foundation Hearing Centre, Prince Philip Dental Hospital, 
Hong Kong. On completion of the informed, voluntary consent form, hearing thresholds of 
all the subjects were tested by both the conventional audiometer and the computer-based 
audiometer. Each subject’s hearing thresholds at 250 Hz, 500 Hz, 1 kHz, 2 kHz, 4 kHz and 8 
kHz, on both left and right ears, were tested accordingly. All the tests commenced with the 
right ear.  
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Each subject randomly assigned for initial testing to either the conventional audiometer or 
computer-based audiometer. Before each test, each subject was asked to press a joystick 
button whenever they heard a sound, regardless how soft the sound was perceived, in 
accordance with a standardized Cantonese instruction script.  
For the conventional audiometer testing, 1 kHz was the starting frequency, thereafter 2 kHz, 4 
kHz, 8 kHz, 500 Hz and 250 Hz were tested. The traditional Hughson-Westlake testing 
procedure (Martin & Clark, 2000, page 84) was then used to determine the subject’s hearing 
threshold at each target frequency. Three to four responses (50% accuracy or higher) at the 
lowest-responded intensity were considered as the hearing threshold of the subject at that 
particular frequency (Martin & Clark, 2000, page 84). In order to prevent the fatigue effects 
that may possibly affect the reliability of the test results, all the subjects were given a short 
break (about two minutes) between the two tests performed with the two different 
audiometers.   
Analysis 
Statistical analyses were carried out with SPSS software, version 14.0. Firstly, the repeated 
measure ANOVA was employed examining three within-subject factors (two sides of ear, six 
testing frequencies and two audiometers used) and three between-subject factors (age, gender 
and testing sequence). There were two test sequences, one involved the subject being tested 
with the conventional audiometer first and then the computer-based audiometer, the second 
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sequence was in reverse order. Age was divided into two groups: below or equal to 40 years 
and above 40 years. Since the data obtained by the computer-based audiometer were not in 
the same interval size as hearing thresholds obtained in traditional way (in 5 dB steps), in 
order to prevent miscalculation in difference between data obtained by the two audiometers, 
data obtained by the computer-based audiometer were then transformed into the same interval 
size as those obtained by the conventional audiometer. The Wilks’ Lambda, the most 
commonly reported F value (Pallant, 2001) was used in this multivariate test to determine 
significant difference between the data obtained by the two audiometers, with an alpha level 
of 0.05. Paired t-tests were used as the post hoc tests and Bonferroni correction was made so 
that the overall chance of making Type 1 error was still less than the alpha level of 0.05. (Hsu, 
1996).   
 
The Pearson’s correlation coefficients were calculated for hearing thresholds measured by the 
two audiometers, with different age and gender. As we were investigating the correlation 
between hearing thresholds measured by the two audiometers for each individual, the result 
of the overall correlation between the two whole groups could be misleading (Bland & 
Altman, 1986). Therefore, graphs were also plotted for the difference against the average of 
results obtained by the two audiometers for stronger evidence, if any, of correlation. This 
method is more useful in showing the correlations between different applications in medical 
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measurement (Bland & Altman, 1986).    
Results 
Hearing thresholds of 57 subjects (38 females and 19 males) were measured by the 
conventional and computer-based audiometers. In Figure 1, the boxplot displays the 5
th, 
25
th
, 
50
th
, 75
th
 and 90
th
 percentiles, plus outliers of hearing thresholds measured by the two 
audiometers. The o outlier values are those exceed 1.5 times but no more than 3 times of the 
interquartile range and * outlier values are those exceed 3 times ones. The graph shows that 
the interquartile ranges of hearing thresholds measured by the two audiometers at each tested 
frequency were very similar. Besides, the medians found by the two audiometers at each 
frequency were no more than 5 dB difference, except at 2 kHz and 4 kHz.  
 
A repeated measure ANOVA was used to analyze for a significant difference between hearing 
PC Audiometer evaluation      12 
thresholds of subjects due to the use of the two different audiometers, the conventional one 
and the computer-based one, at the same background noise condition for the following 
variables: age, sides of ear, testing sequence and frequencies tested. No significant difference 
was found for the within-subject factor of side of ears; therefore, this factor was ignored in 
the presentation of the results so as to reduce unnecessary complexity. No significant 
difference was found for the between-subject factor of test sequence.  
 
In the multivariate tests, the value for Wilks’ Lambda was .714, with a probability value 
of .000. The p value found was less than .05, therefore, the hearing thresholds measured by 
the conventional audiometer and the computer-based audiometer had a statistically significant 
difference. The omnibus effect for this analysis was .286, which indicated that approximately 
28.6% of the total variance in the dependent variable was accounted for by the variance in the 
independent variable.  
 
Difference and correlation at different tested frequencies 
The multivariate F was significant for the audiometer used and the tested frequencies. 
Therefore paired samples T-tests with Bonferroni correction were used to investigate the 
difference of hearing thresholds measured by the two audiometers at each tested frequency. 
Table 1 shows the t-value measured at each tested frequency. Only hearing thresholds 
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measured at 250 Hz and 8 kHz by the two audiometers had no significant difference. It also 
shows the difference of mean of hearing thresholds measured by the two audiometers at each 
tested frequencies. Only the mean difference found at 2 kHz and 4 kHz were larger than 5 dB. 
Frequency Tested t Sig. Mean 
difference  
250 Hz 
500 Hz 
1 kHz 
2 kHz 
4 kHz 
8 kHz 
2.071 
-5.322 
-3.806 
-10.379 
-16.503 
.974 
.041 
.000 
.000 
.000 
.000 
.332 
1.7106 
4.3158 
3.5088 
7.6842 
15.5789 
1.2895 
 
Table 1. Difference of hearing thresholds measured by the conventional and computer based 
audiometers (Overall alpha level < .05 after Bonferroni Correction) 
 
According to the Pearson’s correlation coefficient, measures made by the two audiometers 
were highly correlated (r > 0.73 for all frequencies). The correlation coefficients for higher 
frequencies measured were larger than those for lower frequencies. Scatter graphs (Figure 3) 
were plotted by using the difference against the average of hearing thresholds measured by 
the two audiometers. The correlation, for clinical assessment purposes, found by using this 
method at each tested frequency was rather weak, especially at 250 Hz, 500 Hz and 8 kHz.  
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Age 
The F value of Age in the test of between-subjects effects was 117.2 (p = .000) which 
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indicates a statistically significant difference between hearing thresholds measured for 
subjects in the younger group (age below 40) and older group (age equals or above 40) by the 
two audiometers. Paired samples t-tests with Bonferroni correction were carried out to 
identify the size of differences of the two age groups measured at each tested frequencies. No 
significant trend of difference was observed by the result of the t values. For the mean of 
difference measured by the two audiometers at each frequency, the young group had a less 
than ±5 dB difference for nearly all the tested frequencies except 2 kHz and 4 kHz.  
The Pearson’s correlation coefficients suggested a significant correlation between the two age 
groups (p = .000 for all frequencies except 1 kHz for young group). The scatter graphs 
(Figure 3) plotted by the difference against the average of hearing thresholds measured by 
different frequencies for the two age group suggested a stronger correlation between the 
young group than the old group.  
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Gender 
A statistically significant difference was found between hearing thresholds obtained by the 
two audiometers for different genders. The F value of Gender was 10.48 (p = .002). Paired 
samples t-tests with Bonferroni correction were employed to investigate the differences of 
both genders, male and female, at each tested frequencies. A non-significant difference was 
found at one frequency for females and three for males.  
For all the tested frequencies, strong correlations between genders were suggested by the 
Pearson’s correlation coefficients (r > .700 for both genders at all frequencies). The scatter 
graph (Figure 4a and 4b) of difference against average for the two genders measured by the 
two audiometers suggested that males have a slightly stronger threshold correlation than 
females. The Pearson’s correlation coefficient of the results obtained by the two audiometers 
at each tested frequencies had also suggested the same finding.  
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Discussion 
Estimating hearing thresholds with the Home Audiometer Version 1.83 
Despite the hearing thresholds found having a statistically significant difference to results 
measured using a traditional audiometer, this approximately ten-times-cheaper audiometer 
program was able to obtain hearing thresholds with mean difference less than the clinically 
accepted error margin of ±5 dB (Martin & Clark, 2003), at 250 Hz, 500 Hz, 1 kHz, 4 kHz and 
8 kHz. There were several possible reasons for a greater difference found between hearing 
thresholds obtained by the two audiometers at 2 kHz and 4 kHz. Possible errors made during 
calibration of the program was one of the possible reasons. The hearing threshold of a 
particular frequency could be changed dramatically if mistakes were made during calibration. 
The use of a low-priced headphone could be another possible reason. Since the test-retest 
consistency is hard to be maintain for higher frequencies due to the subtle changes in canal 
resonance effects (Shaw, 1966), high consistency can only be maintained by placing the 
headphone on exactly the same position (Atherley & Lord, 1965). The low-cost, circumaural 
headphone might not be able to fit on ears well with the same position as the supraural 
headphones used for the conventional audiometer. Furthermore, Green (as cited in Hodgson, 
1985) stated that poor placement of headphones when measuring hearing thresholds for 
frequencies above 3 kHz can cause a variability of 15 dB or more. Therefore, variability of 
hearing thresholds measured by the two audiometers, which was the greatest at 2 kHz and 4 
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kHz, could possibly be explained by headphone placement problems. 
 
However, based on the scatter plots shown in Figure 3, the correlations found between the 
two audiometers at different frequencies were weak, especially at low frequencies. Since the 
tester and equipment were required to be located in the same room for running the Home 
Audiometer program 1.83, the fan noise produced by the laptop computer might have 
contributed to inaccurate measurement of lower frequency hearing thresholds. The second 
possible reason for the weak correlations achieved at low frequencies was due to the time 
needed for test familiarization. Tests using the computer-based audiometer always 
commenced at low frequencies, for both ears. Therefore if subjects did not become 
accustomed to the signals presented immediately after starting, the results obtained for the 
low frequencies would have been poorer than the true hearing ability.  
 
Effects of Age and Gender 
Since the reaction time of humans increases from the 20s onward with even faster 
lengthening after the person gets into his 70s or beyond (Welford, 1977; Der and Deary, 
2006), it was one of the possible reasons for the older group to have more significantly 
different results between the hearing thresholds measured by the computer-based audiometer 
and the conventional audiometer. As the time gap between signals were short and fixed in the 
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computer audiometer, more false negative responses were likely to be made by older subjects 
as they were not able to press the response button on time. Furthermore, as suggested by 
some behavioral theories, cognitive decline goes along with aging and people who get older 
would have weaker ability in switching among tasks and have a slower speed of processing 
(Salthouse, 1996; Park, Lautenschlager, Hedden, Davidson, Smith & Smith, 2002). Therefore, 
a longer time was likely to be needed for older subjects to get used to the signal at each 
frequency before they could respond and the hearing thresholds may then be inaccurately 
measured. 
 
The faster reaction times for males than females in almost every age group (Welford, 1980; 
Der and Deary, 2006) could have been one of the reasons why the variability of hearing 
thresholds obtained by the two audiometers was higher for females than males.  
 
Improvements suggested for the Home Audiometer 1.83 Program 
A pause function is needed for the program. In this study, subjects were sometimes found to 
have questions or not being able to follow the instructions given during the test. As having a 
pause was not allowed by the program, a source of bias might have been raised. This need is 
even stronger for older subjects since some of them were found not being able to know when 
to press the button or when to release the button during the test. However, no further 
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instructions could be given to them as no pause was allowed until the end of the test. 
The duration of the test at each selected frequency should be allowed to change according to 
the need and responses given of the subject. Since no demonstration of how the signal is 
presented at each frequency was possible some subjects, especially older subjects, were found 
to press the button only when they heard a signal that was far higher than their hearing 
threshold at that particular frequency. However, as the time of test at each frequency was 
confined, the program stopped testing that particular frequency immediately when the time 
was up. A hearing threshold of that frequency was then recorded even when the subject was 
showing the ability of achieving a lower threshold.  
 
The flexibility of the program should be increased. By using the Home Audiometer program 
1.83, the change in intensity of each signal presented could only be set before the test. There 
were some drawbacks to have the level of change in intensity fixed. Firstly, if the starting 
level was set at 30 dBHL, the subject’s hearing threshold is at 75 dBHL and the change in 
intensity level is 5 dBHL, it will take a long time before the threshold can be identified. 
Secondly, the problem will even be more serious if it combines with the fact that the duration 
of testing at each frequency is fixed. If the gap between the starting intensity and the hearing 
threshold of the subject is great, the hearing thresholds may not be measured before the 
program terminates the test at that particular frequency. 
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The time gap between each signal presented should be varied. The time gap between each 
signal given by the Home Audiometer program 1.83 was nonrandom and therefore, false 
positive responses were not uncommon. Besides, the program should allow a change in time 
gap between signals according to the need of the subject. As indicated above, some older 
subjects may need a longer time to respond to the signal presented and this can be identified 
only after the test has been started. Therefore, if the time gap can be changed during the test, 
the result obtained may be more accurate.  
 
The program was not able to tell whether the button pressed by the subject was responding to 
the signal given or not. If one keeps pressing the button, the program will assume that all the 
signals presented are perceived. An extreme example found in this study was a -20 dB 
hearing threshold measured for a female subject at 8 kHz.   
 
Instead of measuring the lowest intensity a subject could hear, the Home Audiometer records 
a hearing threshold at a particular frequency by calculating the average intensity of signals 
perceived by the subject. This can result in a finding that is very different from the true 
hearing threshold as the subjects may need to hear some higher-than-threshold signals before 
they get familiarized to the test or that particular frequency for test. The program should 
change the way hearing threshold is measured so that a truer “threshold” can be obtained.  
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Advantages of the Home Audiometer 1.83 
No or little clinical experience is needed for the user of this program. Upon calibration, the 
program will test the hearing thresholds of the subject at each selected frequency accordingly. 
Since the number of experienced audiologists is very limited in developing countries, this 
program can help to identify approximate hearing thresholds without the presence of an 
experienced clinician. Besides, the hearing thresholds measured by the program will be saved 
in an electronic audiogram automatically, and a traditional audiogram is not necessary in 
recording the hearing thresholds obtained. 
 
Many testing functions are provided by the Home Audiometer 1.83 program. Tests can be 
performed on eleven frequencies (ranged from 250 Hz to 8 kHz). Testers are allowed to 
choose which ear to be tested first. The program was found to be very user friendly; the tester 
can designate the setting by only clicking boxes provided by the program. Even layman can 
learn how to operate the program in a short time. Self-testing is also allowed by the program. 
A tester can pre-set the testing schedule and assess his/her own hearing thresholds by not 
looking at the monitor during the test.  
 
The program is able to estimate the reliability of the hearing threshold obtained at each 
selected frequency. For unreliable thresholds measured, the program will notify the tester by 
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shading the problematic data or retest that particular frequency automatically depending on 
the option chosen by the tester before the test.  
 
Limitations of this study 
The use of different interval sizes for the hearing threshold measured by the two audiometers 
may be a source of bias in this study. With different interval sizes, the result calculated by the 
ANOVA was likely to be statistically different and therefore, hearing thresholds presented by 
the computer-based audiometer had been transformed into the same interval size as those 
measured by the conventional audiometer. However, in this way, accuracy of the hearing 
thresholds determined by the computer-based audiometer was lowered and possible bias 
might have been raised due to the change of data obtained.  
 
This is a repeated measures study and therefore, a carryover effect cannot be neglected. 
Despite having no statistically significant difference for the test sequence, one of the 
between-subject factors, learning effect, was observed in the study. Some subjects were not 
able to press the respond-button at the correct time in the middle of the test; therefore, further 
instruction was given if they were being tested by the conventional audiometer. The problem 
was then not found to exist in the second test (the test performed by the computer-based 
audiometer). However, when the same problem was found in subjects who were firstly tested 
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by the computer-based audiometer, no further instruction could have been given as pausing 
was not a program option. Therefore, results measured by the two audiometers could be very 
different for these subjects.  
 
The effect of fatigue cannot be neglected in this study as the testing process was not very 
rewarding and it took time to measure the hearing thresholds for six frequencies of both left 
and right ears by the two audiometers. Even though a short break was given after test was 
done by one audiometer, some subjects complained about the long and monotonous testing 
process of at the end of the test. Therefore, the possibility for some subjects not doing the test 
in a focused manner, especially towards the end of the test, could not be eliminated.  
Due to time constraints, the test-retest reliability of the computer-based audiometer was not 
examined. A worthwhile and necessary research project would be to investigate the test-retest 
reliability of hearing thresholds measured for the same person by the computer-based 
audiometer, before it is used in actual clinical practice.  
 
Directions for future study 
In order to provide developing countries with a low cost and effective audiometry system, 
having the Home Audiometer program 1.83 is not enough, a low-priced laptop computer is 
also required. Some people have claimed that the price of a laptop cannot be lower than US 
$100 (Farivar, 2005) as the cheapest laptop sold with a monitor nowadays is about $US 300. 
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Farivar (2005) also gave examples showing that no company could make their business 
successful with laptops priced below $US 300. However, a recent report (Sydney Morning 
Herald, 2007) suggested the price of a laptop can indeed reach as low as $US 100. Though 
some commonly used software like Microsoft Word, Excel, etc., will not be able to use on 
these low-priced laptops, the report suggested that other programs that have even better and 
important functions than the programs mentioned above will be developed for the low-priced 
laptops (Sydney Morning Herald, 2007). If such US$ 100 laptop computers can be produced 
eventually, research should be carried out to investigate whether low-priced audiometer 
programs like the Home Audiometer 1.83 can be used on the affordable laptop or not. The 
validity and reliability of the application of low-priced audiometer program on low cost 
laptops should be investigated as well since no studies have been done on the audio system or 
noise factors in low cost laptops.  
 
Studies of the reliability and validity in measuring hearing thresholds at different frequencies 
in noisy environments should also be carried out. As this study was carried out in 
soundtreated rooms, the effect on noise was assumed to be minimal. However, since these 
rooms are rarely available in developing countries, the background noise level of the testing 
environment will be higher. To carry out a study in environments with different ambient noise 
levels, a sound level meter system is indispensable. Although most sound level meters are 
very expensive, a low cost computer-based sound level meter (~ US$ 540) is now available in 
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the market (Focus Research Ltd, 2007). Research should also be carried out to investigate the 
accuracy of noise levels measured by the low cost sound level meter before a full low-cost 
audiometry system is completely assembled.   
 
Conclusion 
Significant differences were found between hearing thresholds measured by the Home Audiometer 
1.83 program and those measured by a conventional audiometer, suggesting that further 
improvements are needed before such a system can be put in real application in developed or 
developing countries. The researcher is positive towards the further development of this type of 
program as the mean threshold differences measured were often clinically acceptable. The findings 
have important implications on how improvements can be made for such programs. Flexibility of 
the program should be increased so that hearing thresholds of subjects with different ages and 
genders can be better examined accurately. Further studies are required in environments with 
unevenly distributed noise as most hearing tests are not likely to be carried out in soundtreated 
rooms in developing countries. In order to develop a low-cost audiometry system with high 
accuracy, studies on other support equipment and accessories like laptop computers, headsets, 
sound level meters and calibration equipment are needed.  
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